Résumé. 2014 Nous avons mesuré les caractéristiques tunnel d'une série de diodes tunnel Al-oxyde-(Ag1-xErx)Pb, l'épaisseur du métal normal variant de 500 A à 3 000 A et des champs magnétiques parallèles de 0 à 1 000 gauss. La variation de la dérivée seconde (d2 V/dI2) met en évidence la dis- Abstract. 2014 We have measured the tunneling characteristics of a series of Al-oxide-(Ag1-xErx)Pb proximity effect sandwiches for normal metal thicknesses ranging from 500 A to 3 000 A and parallel
structure through electron interference effects and also reveal structure at the Ag phonon frequencies. Application of a magnetic field less than the critical field of the sandwhich reduces the Ag phonon structure. Introduction of impurities reduces the interference effects with little effect on the Ag phonon structure. We are thus able to separate the two contributions to the tunnelling characteristics. Comparison with the theory of McMillan and Rowell then allows determination of VF. Comparison of the theoretical and experimental curves for the interference term shows a frequency dependent mean free path from phonon emission and allows an independent measure of the electron-phonon coupling in the normal metal. When one tunnels into a normal metal backed by a superconductor, the density of states one obtains is significantly different from the one obtained by tunnelling into a superconductor. The second derivative characteristics of an N-I-S sandwich show dips at energies, shifted by the gap, corresponding to the Van Hove singularities in the phonon density of states of S [1] . In the second derivative signal of an N-I-N-S sandwich, however, this phonon structure is modified by an oscillatory function which depends on the thickness of the normal metal, its Fermi velocity, and the applied bias voltage [2] . This oscillatory function is a result of an electron interference phenomenon. Most The second harmonic signals were taken by applying an ac modulation current of 1 019 Hz. We measured the voltage using a lock-in amplifier at the primary frequency for dV/dI and the second harmonic frequency for d2V/dI2. The apparatus was similar to the one used by J. C. Adler et al. [6] . For the second harmonic signal the modulation was 1 mV with the bias voltage set at 10 mV. Figure lc shows the results obtained for an Al-Ox-Ag-Pb tunnel junction with the thickness of the normal metal being 900 Á. Thicknesses of 100 À, 200 Á, 400 Á, and 600 Á have been investigated previously [3, 4] . The Pb structure that one obtains for an Al-Ox-Pb sandwich appears as dips around 6 mV and 10 mV [1] . For an Al-Ox-Ag-Pb sandwich, however, the structures may appear as dips or peaks depending on the value of the oscillatory function.
This complicated lead structure has been observed by Rowell and McMillan [2] and by Nédellec [7] . Studies with different thicknesses of the normal metal show that the structure is quite sensitive, especially at high bias voltages, to the thickness of the normal metal. The normal métal phonon structure around 20 mV was decreased in amplitude but did not change shape as the thickness of the normal metal was increased.
This indicates that the normal metal phonon structure is a function of the induced pair potential only. Figure la shows the calculated value for the second harmonic signal, for the same thickness of the normal metal, using the McMillan expression for the density of states, eq. (1). We see the two major discrepancies between figure la and lc. The normal phonon structure around 20 mV is not present in the theory. This is sitnply due to the fact that the McMillan model assumes no induced pair potential in the normal metal. In addition we see a sharp peak at 3.2 mV which is not present in the theoretical curve. This peak comes from a dip at 1.4 mV (the Pb gap) in the first derivative and has also been observed by S. M. Freake [8] . It is believed to be due to the fact that the wave function tends to have a larger amplitude in the region where the density of states is highest. Figure 1 b shows the same sample as figure 1 a but in a parallel magnetic field of 700 gauss (the critical field of this N-S sandwich is -830 .gauss). We see that qualitatively the results agree much better with the theoretical predictions. The 3.2 mV peak is gone and the normal phonon structure is sharply reduced due to the quenching of the induced pair potential. Note Fig. 2 and Fig. 3 It is worth emphasizing that all of the data used in figure 4 comes from samples placed in a parallel magnetic field (less than He) and has been reproduced on at least two tunnel junctions prepared at different times for each thickness. An interesting point is that YF is obtained from the frequency (energy) dependence of d2V/d/2 and is rather insensitive to the amplitude of this structure. We have investigated this last point by doping the normal metal with impurities to reduce the amplitude of the interference effect. The frequency dependence in these doped junctions remains unchanged.
Rowell and McMillan [2] have shown that silver film deposited on glass has a preferred crystal orientation, with a [110] axis perpendicular to the substrate ; we therefore expect our experiment to measure the Fermi velocity in the [110] direction. Our determination of VF is rather close to the free electron value, 1 .39 x 108 cm/s [9] . We are also in good agreement with de Haas-Van Alphen measurements [10, 11] [12] . A preliminary value of the electronphonon coupling constant (Â) of 0.1 is sufficient to account for the magnitude of the observed effects. The finite mean free path due to impurities and film defects has been investigated theoretically by Wolfram [13] by adding an imaginary part to the wave vector and has been included in the expression for the density of states by Nédellec [7, 14] in the Tomasch geometry [15] and in the McMillan and Rowell geometry [1] In summary we have seen that proximity effect tunnelling allows us to study the electron-phonon interaction in N and in S separately. The effect of an applied magnetic field smaller than the critical field of the sandwich reduces the pair potential at the phonon frequencies of the normal metal by reducing the induced gap with little effect on the pair potential in S. The effect of impurities in N reduces the interference effect in N and thus the S phonon structure but has a lesser effect on the N phonon structure. Use of the McMillan model then allows us to directly measure the Fermi velocity in the normal metal.
